An assay has been developed in which excision repair deficiency of xeroderma pigmentosum cells is transiently complemented, as measured by unscheduled DNA synthesis, by microinjection of cytoplasmic poly(A)+ RNA derived from HeLa cells. Four different complementation groups of xeroderma pigmentosum have been assayed. Groups A and G showed complementation, whereas groups D and F did not. Survival for cells in each of the groups subsequent to microinjection was =75%. Approximately 10-25% of surviving cells from groups A and G were complemented, as judged by nearnormal unscheduled DNA synthesis. Fractionation of cytoplasnic poly(A)+ RNA on a 15-30% nondenaturing sucrose gradient and subsequent microinjection of the individual fractions indicate that repair mRNAs that complement xerbderma pigmentosum groups A and G sediment at approximately 11 S and 12 S, respectively. This assay should be of great utility in the cloning and biochemical analysis of DNA repair genes.
Xeroderma pigmentosum (XP) is an autosomal, recessive disease of humans characterized by dermatological and ocular symptoms and a high predisposition to skin cancer after exposure to sunlight. Some forms of XP have associated neurological disorders (1) and possible immunological abnormalities. The primary biochemical defect in most XP cells is thought to be an inability to initiate excision repair synthesis of their DNA after exposure to UV irradiation (2, 3) . Recently, the feasibility of transiently complementing mutant cell lines by direct microinjection of unenriched cytoplasmic poly(A)+ RNA has been demonstrated (4, 5) . In this report, we show that microinjection of cytoplasmic poly(A)+ RNA derived from HeLa cells can transiently complement XP cells, as determined by a temporary increase in the level of unscheduled DNA synthesis (UDS). In addition, fractionation of poly(A)+ RNA on nondenaturing sucrose gradients and subsequent microinjection of the individual fractions indicated that the repair mRNAs that complement XP-A and -G cells sedimented at unique positions.
MATERIALS AND METHODS Cell Cultures. Fibroblast cell strains XP25RO (XP-A),
XP3NE (XP-D), XP2YO (XP-F), and XP2BI (XP-G) were obtained from the Human Genetic Mutant Cell Repository. The cells were routinely grown in minimal essential medium (Flow Laboratories) containing 20% fetal calf serum (Irvine Scientific), penicillin G (100 units/ml), streptomycin (100 ,ug/ml), and glutamine (2 mM). HeLa S3 cells were grown in suspension culture containing minimal essential medium and 10% calf serum (Flow Laboratories).
Isolation of Cytoplasmic Poly(A)+ RNA. The procedure for preparation of poly(A)+ RNA was a modification of the method described by Lin et al. (5 Haven, CT 06511 tTo whom reprint requests should be addressed.
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ethanol, and air dried. Coverslips were mounted on glass slides, dipped in Kodak NTB-2 emulsion, and exposed for 3 days.
RESULTS
It has been shown that diploid human cells that have been arrested by reducing the serum concentration to 0.5% have normal levels of UDS (8) . Incubation of various XP cell lines in 0.5% serum for a minimum of 14 days usually reduces the amount of replication synthesis during a 2-hr labeling period to <0.1%. These quiescent cells provide extremely low background labeling and thus allow the facile detection of repair complementation by UDS assay.
The results of UDS assays of quiescent XP-A and -G cell lines that had been microinjected with HeLa poly(A)+ RNA at a concentration of 2 mg/ml are presented in Fig. 1 . For both of these cell lines, near-normal UDS was obtained with incubation periods as brief as 2 hr and as long as 20 hr after microinjection. After UV irradiation, the cells were incubat- Fig. 3 illustrates the positions of fractions that complement XP-A and -G cell lines relative to marker 18S and 28S rRNAs that were sedimented in a companion gradient. Fractions that complement XP-A and -G cells sedimented at approximately 11 S and 12 S, respectively, indicating that distinct genes are responsible for the complementation observed in these two XP groups. These results also support the conclusion reached above that the observed incorporation of radiolabel is not due to a stimulation of quiescent cells.
DISCUSSION
The complementation between fused cells of XP groups A, C, and D and normal cells has been investigated extensively (9, 10) . These earlier results indicate that the factor that is deficient in group A cells is present in significant excess in (11, 12) . Complementation of group D cells was achieved with one cell line but not with the same cell line employed in our studies.
The results presented here are in general agreement with these earlier studies and indicate that significant amounts of mRNAs that complement XP-A and -G cells are present in HeLa cells, whereas any mRNAs that may complement XP-D and -F cells are present in undetectable amounts as determined by our assay. One plausible explanation for these results is that XP-A and -G mRNAs are constitutively expressed and XP-C, -D, and -F mRNAs are inducible.
Several observations indicate that inducible UV repair systems may exist in mammalian cells. Fractionated doses of UV irradiation result in an enhanced recovery of semiconservative DNA replication in normal cells but not in XP cells (13) , host cell reactivation of UV-treated DNA viruses is enhanced by prior UV irradiation of mammalian cells (14, 15) , and UV irradiation of cadmium-sensitive S49 mouse cells induces a large increase in cadmium-resistant variants (16) . Furthermore, the UV excision repair pathway of Escherichia coli is known to be inducible (17, 18) . It should be noted, however, that prior inhibition of protein synthesis does not decrease the level of repair synthesis in human cells (9, 19) . Alternatively, expression of mRNAs from XP-D and -F cells may be cell cycle dependent and hence can be prepared only at low concentrations from asynchronous cells while mRNAs from XP-A and -G cells are continuously expressed. Furthermore, sensitivity to UV irradiation varies through the cell cycle (20) .
It is also possible that the microinjection assay is not suffi- Finally, we note that the sedimentation of mRNA that complements XP-G cells is distinguishable from the mRNA that complements XP-A cells, indicating the existence of two discrete gene transcripts. If we assume that these mRNAs have similar overall conformations in solution, we can estimate their approximate lengths by comparison of their sedimentation rates relative to 18S cytoplasmic rRNA. For this purpose, the distance sedimented for the mRNAs was determined as the average of the positions of the active fractions (Fig. 3 ) and compared to the average distance sedimented for fractions containing 18S rRNA. The relative sedimentation velocities of the XP mRNAs are then 10.6 S (group A) and 11.9 S (group G) compared to 18 S. Although the complete nucleotide sequence of human 18S rRNA has not yet been reported, the molecular weight of HeLa 18S rRNA has been determined by sedimentation equilibrium to be 710,000 (23) . On the basis of this molecular weight and the Spirin's formula (24) that relates sedimentation coefficient to molecular weight, we calculate the lengths of XP mRNAs to be 690 (group A) and 880 (group G) nucleotides assuming an average residue weight of 340. We emphasize that these are very approximate estimates of the lengths of these mRNAs, since their sedimentation behavior can be strongly influenced by secondary structure.
